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The d e l e t e r i o u s  e f f e c t s  of b a c t e r i a l  c o n t a m i n a t i o n

of wounds during dental procedures and the transmission

of infectious diseases to patients in dental operatories

are d ifficult to demonstrate but circumstantial evidence

implicating these dangers exists. ’ 3  In the past , little

emp hasis has been placed on asepsis in dental operative

or sur g ica l proc edur es , par t ly because o f the pr esence

of a lar ge popu la t ion of res iden t microflora in the oral

cavity. Now , the reduction of physical and biologic haz-

ards to dentists and their patients is possible and is

of continuing interest. Possible sources of microbial

dissemination in dental operatories and the contamination

of waterlines in dental equipment have been pointed out

repeatedl y. 3 - 6  Re cen t l y ,  atten t ion has been focused

again at the high numb ers of organ isms found in the wa ter-

lin es of den tal uni t s and ul trasonic scalers and par t ially

succe ssfu l decon tamin at ion pr ocedur es have been recommended .7

This study was under taken to inves tigate a filtration

method for decontamination of the water from ultrasonic

scalers and high speed handp ieces. 
- •
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M A T E R I A L S  AND METHODS

A modification of previousl y described m e t h o d s 4 ’ 7 was

utilized to sample a communal water supply after passage

throug h ultrasonic scalers * and hig h sp eed hand p ieces. t

1. Ultrasonic Scalers

To de te rm ine the ex tent of con tamina t ion of an ul tra-

sonic  scal er wh ich had been in rou t ine use , the wa ter from

the sc aler hand pi ece was tes ted dai ly for s ix days.
Tes ts of wat er d econ tamina tion by f il tra t ion under

labora tory condi t ions were perfor med in the following w a y.

A 3.Opm pore size pleated membrane capsule filter+ was used

as a pre-filter , or p r i m a r y  filter , and was attached be tween

a communal water supp ly and the wate r inle t to an ul trasonic

scaler (Fig. 1). As a secondary filter , a.4S~m pore size ,

ste r i l e , disposab le  ce l lu lose  ac etate f i l ter uni t5 was ins talled

a p p r o x i m a tely  10 cm f rom the scaler  hand piece. The fil ter unit

was attached to the water tubing using 14 or 18 gauge hypo-

derm ic needles and an adapter fabricated by joining two Luer

Lok syr inge tips with a glass tube 1cm in length (Fig.2). Be-

fore placin g the secondary f ilter , the sc aler handp iece

* Cavi tron , Cavi tron Ult rasoni c s , Inc.,  Lon g Island Ci ty,  N.Y.

1- Starlite , Star Den tal Manufac turing Co. , Inc ., Conshoh ock en , Pa.

+ Gelman In strument Co. , Ann Arbor , Mich.

§ M i l lex. Milli pore Corpora t ion , Bedford , ~[ass.
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and hose were autoclaved at 15 PSI and 12 1°C for 20 minutes.

Water samples were t a k e n  f r o m  the lumen of the water tubing

before connection to the secondary filter and from the end of

the hand piece at 0, 4, 8, 24 , 32 , 48, 52 and 56 hours. The

hand piece was covered with a sterile metal test tube cap

be tw een samplin g t imes.

In a tes t of fil ter use in a clin ical environmen t , the

3.0~.xm pore size capsule filter was installed into the water

supply of a dental uni t* which was us ed rou t inely in the

prac tice of general dentistry. The same ultrasonic scaler

with the .45~.’m fi lter , was attached to the dental unit and

the water samp led before s econdary fil tra t ion and at the end

of the handp iece at 0, 4, 8, 24 , 32 , and 48 hours. During

this tes t s ter ile scaler inser ts and hoses , and asep t ic

techniques were again used .

In the second clin ical test inves tiga ting the decon-

tamination of water from ultrasonic scalers , the samples

were taken from the same ultrasonic scaler at the time inter-

vals indica ted above. As in the f irs t cl inical tes t ing , the

hose , handpiece , and inser t were s teril ized at the beg inning

of each trial. However , the unit was used in a routine manner ,

withou t special emphasis on s terile techniques or speci al

hand l in g of the inser ts af ter their removal from steril e

packages.

Each test of water filtration in ultrasonic scalers was

performed four t imes.

* Mid wes t American , Meirose Park , Ill. 
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2 .  H i g h Speed }I and p i eccs

To t e s t  t h e  fe~i s i h i l i t y  of d e c o n t a m i n a t i o n  of  t h e  w a t c r -

lines of a hi gh speed hand p iece , the waterline to the hand-

piece was fitted with the disposable .45j.~m filter unit

approximately 10cm from the handp iece. Fourteen gauge , four

in ch , laboratory cannulas , used with the previously described

adapter served as connections between the waterline and the

fil ter unit (Fig 3). Prior to filter installation the water-

l i ne  be tween the f i lt er un i t and the hand pi ece was f i l l e d  wi th

2% glutaraldehyde * for 16 hours and drained afterward. The

handpiece was sterilized by alcohol vapor sterilization. -t- The

hand p iece was in routine clinical use and was wiped with alcohol

soaked sponges after use and covered with sterile gauze when not

in use . Wa ter samp les wer e taken from the end of the tubing to

be connec ted to the f ilter assembly and from the handpiece spray

after filter insertion at 0, 24 , 48, 72 , and 96 hours. Th i s tes t

was per formed on f ive occ as ions .

Throug hou t al l ex perimen ts , dur ing each wa ter sampling

approxima tely 2ml of wa ter was asep t ically collec ted . All

samples were seri ally dilu ted using sterile tap water , and

0 .lml a l iquo ts of the d i lu t ions were pla ted in tr ip l i cate on

* Cidex , Arbrook , Inc., Arlin gton , Texas

t Harvey 4 000 Chem iclave , MDI Corpora t ion , Gardena , Calif .

_ _ _ _



- —  -•----—— —---•-•- — — :-- - -—• - - ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~- -• ,
~
-—-~•- •-i -• .-,— --— •

~ 
_

~~~~~~~

.
__ ___ __ _

Trvptica se Soy A gar * p1ates and cultured aerobicall y for

seven days at 3’°C . Colony forming units (CFEJ) were then

coun ted  and a v e r a g e d .

RESULTS

Water samples obtained from an unmodified ultrasonic

scaler on six different days showed a range of 4.81x10’ to

1.32xl06 CF1J/ml water with a mean of 4.99x105 . When a 3.Oiim

capsule filter was attached to the water inlet of an ultra-

sonic scaler to accomplish pre l im inary  or pr imary f i l tra t ion ,

the bacterial counts during four trials ranged from 2.20x102

to 6.74x104/ml (Table 1) with a mean of l.73xl0” .

Wa ter sampl es from the sca ler  handp iece, af ter pass ing

the  . 4 Sp m  secondary f i l t e r  showed no bacterial growth at 32

hours , and a t 48 hour s  no b a c t e r i a  could be detected in three

of the four trials. At 52 hours all samples were contaminated .

The bac terial counts , ho wev er , were lo wer than those at 52

hours af ter prel iminary fil t ra tion.

In the clinical test of filtration under controlled con-

ditions using strictly aseptic techniques there was no evi-

dence of con tamination up to 48 hours during three trials

(T able 2). The four th trial , al thoug h successful  up to 32

hours , sho wed bac ter ial con tamina t ion of l .6 0x 102 CFU/ml at

* Difco Labora tor i es, Inc., Detroit , Mich.

- --.-•—-~.— •- • .— —• .---•-
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48 hours.

T h e las t  f ou r clin ical  t r ia ls , p e r f o r m e d  u n d e r  r o u t i n e

c li n ical co n d i t i ons  in w hi c h ase p t ic  tech n iq ues were  not

strictly enforced during ultrasoni c scaler use (Table 3),

showed c o n t a m i n a t i o n  o c c u r r i n g  w i t h i n  48 hour s  d u r i n g  the

first trial , within 28 hours on the third trial , and within

4 hou r s  on the  second and f o u r t h  t r i a l s .

Whe n t h e wa te r to a hi g h speed hand p iece was passed

t h r o u g h the  . 4 Sp m  f i l t e r , no b a c t e r i a l  g r o w t h  in wa te r  samples

could be demonstrated during the first 48 hours in three of

five trials (Table 4). However , in the four th and f i f th

t r i a l s , r e c o n t a m i n a t i o n  of t he  water occurred after 24 and

48 hours  r e s p e c t i v e l y .

DISCUSSION

Water  f rom den t a l  u n i t s  is us ed rou t inely dur ing var ious

den tal procedures and frequently for drinking purposes .

Defin ite s tandards for l im it s of bac terial con tamina tion of

d r i n k ing wa ter , excep t for the co l i forms coun ts , are no t known .

It is held , however , tha t to tal colony coun ts of over 200/m i

of t rea ted wa ter and 500/mi of raw wa ter should be considered

indic at ive of con tam ina ti-on and render such wa ter unfi t for

drinking .’2 The results of our study of the degree of con-

tamin ati on o f wa ter l ines in den tal uni t s and ul trasonic

scal ers before filter installation and sterilization of

I—
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h o se s , a r e  in a~ reemen t w i t h r e s u l t s  re p o r ted by others. ’ ~~~~~~~~

The use  of c o n t a m i n a t e d  w a t e r  f r o m  t h e  d e n t a l  ar inarnen-

t a r i u m  may he ha :ardous when it is allowed to contact open

wounds. This usually occurs when ultrasonic scalers and hig h

speej handpiece s are used during surg ical procedures. Al-

thoug h untoward sequelae as a result of these procedures

with bacteria-laden water are difficult to demonstrate , the

decontamination of the water supply of these devices is con-

sidered to be important and necessary.

Our results have shown that water in ultrasonic scalers

may be effectively de :ontaminated by filtration. Our data

also indicates that even when a 3.Oum pore size filter is

used in order to remov e particulate matter , some reduc t ion

in the microbial flora of water occurs.

This reduction in bacterial counts after installation

of 3.Opm filter ma~ have occurre d becaus e of two reasons :

1. Some of the organisms present in the water supply

may be trapped by smaller pores of the filter or simply

adsorbed to the filter surface , or

2 . Bac teria colon iz ing the inner surfac e of the wa ter

t u b i n g  in the  sca ler  hoses  have be en killed by s teril iza t ion

of these hos es a t the beg inn ing of each trial .

The presenc e of very hig h numbers of microorganisms in

d e n t a l  u n i t s 1 w a t e r  supp ly  has been ascr ibed to b a c t e r i a l

col onization of long narrow water tubing of the dental units .2 ’
4 6

~ .
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hater flow throu gh tl ;e ultrasonic scaler or throug h

t h e  de n t a l  u n i t  d i d  no t  n o t i c e a b l y dec rease  when  a 3 . O p m

pore si :e  c a p s u l e  f i l t e r  was u s e d .  F i l t r a t i o n  b y t he . 4 5 i i m

filter un its p r o d u c e d  a n o t i c e a b l e  decrease in water flow.

H owe v er , ade q u a t e  f l o w  was  m a i n t a i n e d  d u r i n g  the  p e r i o d  of

t h e se t e s t s .  U n d e r  l a b o r a t o r y  c o n d i t i o n s  a f l ow  j u d g e d  to

be adeq u a t e  was m a i n t a i n e d  f o r  30 m i n u t e s  of Continuous

u l t r a s o n i c  s c a l e r  o p e r a t i o n  a t  m a x i m u m  wa te r  flow setting:~.

- - This  30 m i n u t e  p e r i o d  may appear  too shor t  and may necessi-

t a t e  f i l t e r  changes  more  t h a n  once each day in man y pr ac-

tices. However , other filter types or increased water

pressures could make fewer filter changes possible. In

p ilot studies in the laboratory, 0.2~ m pore size pleated

membrane capsule filters or .22~ m disposable cellulose ace-

~tate filter units , when connected to water lines , res tric ted

flow to unacceptable levels.

In this study, when the water tubings of ultrasonic scal-

ers were fitted with 14 gauge needles as connectors to the

.45iim filter unit , the water tubings became unusable after

under go in g ap p rox im at ely  seven ste r il iza t ion cyc le s of au to-

claving. The damage to the tubing was manifested by splitting

of the tubin g wh ich was probably caused by the pressure of

forcefu l insertion of the needles into the tubing followed

by the steam sterilization process. Replacement of the hoses 

-

-
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was then necessary. When an entire hose to an ultrasonic

hand p iece was not modified , it withstood 403 cycles of auto-

claving before it became unusable. Althoug h the system of

filtration used in this stud y was believed to be of value ,

it lacked the durability necessary for use in routine dental

practice. Manufacturers should be encouraged to develop

reliable systems with easily changed disposable filters

using water tubings which resist deterioration by steam or

chemical sterilization processes.

In v iew o f ev idenc e implica ting waterborne o rganisms

such as the P~ e~td omonaL4 and F vo b c.c-tek~iwn sp ecies , in end o-

carditis~~’
9 the u se of uncon tamina ted wa ter su ppl ies  becomes

more important. Althoug h the organisms found in waterlines

are usually considered to be non-pathogens , the potential for

infec t ion o f deb il itat ed or immunosuppr essed patient s by these

organ isms has be en r ecogn i z ed .2”°” During and after oral

surg ical procedures , the inhal ation of in fec tious ma terial

c an occur and c an lead to infec t ion when the pro tec ting

m ech anism s are i n e f f ect iv e.10 This could be hi ghly sign ifi-

c ant when on e cons iders the common prac t ice of using water

f rom ul tr a son i c sca l e r s  or hi gh spe ed hand pieces which becom es

aerosol ized . The foregoing fac ts should be the basis for

future research to substantiate the potential hazards and to

develop me thods for the effective decontamination of water

s u p p l i es . 

-~~~~~~~~~~~~~~~~~~~ -~~~~ - -~~--_ •~~~~~~— ~~~~~~~~~~~~~~~~~~~~ ~~~~~ - - . - •-~~~~- - -• .
~~~~
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SUMMARY

The use of contaminated water in hi gh speed handp ieces

and ultrasonic handpieces presents potential hazards to both

dentist and patient. This study has shown that after water-

line sterilization , the use of a sterile , d isposab le membran e

filter can eliminate the microflora from the water of an

ul t rason ic sc a ler f or up to 48 hours. Simil arly , the water

from a h igh spe ed hand pi ec e can remain  bacter ia f r ee for  up

to 72 hours when a .45pm pore size membrane filter is installed

into the waterline . This system of decontamination by f i ltra-

ti on may pres ent a workable ap p roach to the prob lem of contam i-

nated water and meri ts fur ther research and developmen t.

Commercial ma ter ials and equipmen t are iden ti fied in this

rep or t to spec i fy the inves tiga t ive procedures. Such iden ti-

f ica tion does no t imply recommenda t ion or endorsemen t or tha t

the materials and equipment are necessarily the best available

for the pur pos e . Fur thermore , the opinions expressed herein

are those of the author and are no t to be cons trued as those

of the Army Medical Depar tmen t .

- -~~~~~ —. -
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TABLE 3. Bacterial Counts (CFtJ/ml ) of Filtered* Water from Ultrasonic

Scalers Under Rout ine Cl inical Conditions

TIME TRIALS
(hours)

1 2 3 4

0 0 0 0 0

4 0 2.05x102 0 2.6öxlOZ

8 l.11x102

24 0 2. 33x102 0 5.25xl02

28 l.66xl02 2.21x102

32 0 2.00x103 7.63x102

48 2.lOxlO2 9.93.l0~ 7.OOxlO’ 4.18xl03 
V

*Mter filtration through 3.Opin primary filter and .45pni secondary
fil ter .
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TABLE 4. Effect of Filtration* on Microbial Concentration (CR1/mi) in

Water from a High Speed Handpiece Used Under Routine Conditions

TIME TRIALS
(hours)

1 2 3 4 5

0 0 0 0 0 0

24 0 0 0 2.71xl03 0

48 0 0 0 TNTC t 2.43x 102

72 7.2OxlO ’ 0 3.87x103 TN~C TNTC

96 1.65xl02 TNTC 5.45x103 TNIt TNTC

*After filtration through .45~.im cellulose acetate filter.

tToo n~ nerous to count at dilut ion performed. 
V
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Figure 1. Pleated membr ane , 3.0~jm por e size , capsule

filter attached to the water inlet of an

ul trasonic scal er as the primary f ilte r.

Figure 2. Disposable •4Spm pore size cellulose acetate

filter unit used as a secondary filter.

Fi gure  3. D i s p o s a b l e  .45 ~im pore s i ze  d isposable

cellulo se acetate filter unit attached to

hig h speed handp iece.
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